Abstract The purpose of this study is to investigate the role of serum calprotectin (CP), lactoferrin (LF), and high-mobility group protein B1 (HMGB-1) levels and fecal CP and LF levels in differential diagnosis of acute uncomplicated appendicitis from other causes of abdominal pain and further from complicated appendicitis. Totally, 120 children were included grouped into 4 as: healthy controls, patients with right lower quadrant pain with other than surgical causes, patients with uncomplicated appendicitis, and patients with complicated appendicitis. Serum CP, LF, HMGB-1, C-reactive protein (CRP) levels, and white blood cell (WBC) count were studied as well as the fecal CP and LF levels. There was a statistically significant difference between control group and both uncomplicated and complicated acute appendicitis groups, regarding all parameters. In diagnosis of complicated acute appendicitis, area under curve (AUC) for fecal LF, serum CP, and serum HMGB-1 were determined as 1.00 and the cutoff level was determined as 25 μg/g feces, 670 ng/mL, and 30 ng/ mL, respectively. In differential diagnosis of uncomplicated and complicated AA, the most accurate parameter was fecal LF with an AUC of 0.977. At a 60 μg/g cutoff value for this variable, sensitivity, specificity, and accuracy were 96.7, 93.3, and 95.0 %, respectively. In conclusion, HMGB-1, calprotectin, and lactoferrin constitute novel markers in diagnosis of AA. Moreover, their levels may be helpful for the clinicians to judge about the severity of the condition. Larger studies are warranted to determine the diagnostic potential of HMGB-1, LF, and CP in AA diagnosis.
Introduction
Acute appendicitis (AA) is the most common disease requiring abdominal surgery through whole life with an approximate prevalence of 7 % [1] . However, since it overlaps with some other diseases commonly causing diagnostic difficulties, it may result in significant mortality and morbidities [2, 3] . Though noteworthy improvements are present in diagnosis and treatment of AA, the rate of negative appendectomy is still as high as 5-40 %, while the complicated appendicitis rates reach 5-30 % [2] . Unfortunately, C-reactive protein (CRP) and white blood cell (WBC) count are not very useful in correct diagnosis [4] . It remains a challenge to make the correct diagnosis, mainly because the clinical presentation may be nonspecific, and there is a lack of adequate specific biomarkers for AA [2] . Negative appendectomy was strongly associated with 9-fold increase in mortality [5] . Therefore, the need for a novel, non-invasive, and inexpensive laboratory marker is obvious to decrease the mortality and morbidity in such a common disease.
Calprotectin (CP) and lactoferrin (LF) are granular proteins located in neutrophil cytoplasm [6] . CP, also known as S100A8/A9, is a member of calgranulin family with a calcium-zinc binding structure. Mainly, CP is secreted by neutrophils and forms about 30-60 % of total cytoplasmic proteins [7] . The CP gene is located in 1q21 locus, and it has antibacterial, apoptotic, and chemotactic features. During inflammation, neutrophil transformation and exocytosis of granules result in CP and LF secretion [8] . These proteins are also present in small intestine epithelial cells, and they are secreted to the intestinal lumen during bacterial infections of intestine [9] . Since their plasma levels increase in 8 h, they can be regarded as acute phase reactants [7] . In inflammatory bowel diseases such as Crohn's disease and ulcerative colitis, increased levels of fecal CP are determined [10] . The levels of fecal CP and LF are directly proportional with the efflux of neutrophils to the intestinal lumen and histological inflammation of the intestine [11] . Their secretion properties suggest that, before the increase of other systemic reactants and before endoscopic and macroscopic changes, these parameters can be determined in increased levels in early periods of the disease [12] . Thus, there are some studies reporting that fecal CP is more valuable in diagnosis of inflammatory bowel diseases than serum CRP levels [13, 14] . Fecal CP is an objective and non-invasive test reflecting various pathological processes occurring in the mucosa of pediatric patients.
During inflammation, bacterial endotoxins and proinflammatory cytokines may activate monocytes resulting in high-mobility group box 1 protein (HMGB-1) secretion and distal organ damage. HMGB-1 is a recently identified inflammatory factor which is highly expressed in severe sepsis, acute pancreatitis, hemorrhagic shock, severe trauma, and acute lung injury. Moreover, its expression is reported to be closely correlated with the severity of these symptoms [15, 16] . Recently, serum HMGB-1 levels have been reported to increase in patients with AA [17] .
In this study, we aimed to investigate the role of serum CP, LF, and HMGB-1 levels and fecal CP and LF levels in differential diagnosis of acute uncomplicated appendicitis from other causes of abdominal pain and further from complicated appendicitis.
Methods Patients
Totally, 120 children admitted to the Pediatric Surgery Department of Gaziantep Children Hospital from January 2013 to January 2014 were included in the study. Informed consent was obtained from the parents of all participants. The study was approved by the local ethics committee (Conclusion no: 13.03.2012/81). This work was supported by a Scientific Research Projects Unit of the Gaziantep University, project no: TF.13.17.
Children with a previous history of any abdominal surgery or chronic diseases were not included in the study. Participants were grouped into 4 as: healthy controls, patients with right lower quadrant pain other than surgical causes, patients with uncomplicated appendicitis, and patients with complicated appendicitis. Differential diagnosis of complicated and uncomplicated appendicitis was based on the pathological findings. Serum samples at EDTA containing tubes and fecal specimens of all participants are obtained and stored at −20°C until analyses.
Methods
The human LF, CP, and HMGB-1 Elisa kits HyCult Biotechnology (Hbt, Uden, the Netherlands) are studied in Gaziantep University, Biochemistry Department, on Elisa instrument (Biotek Instruments, USA) with the solid-phase ELISAs sandwich principle. Blood samples of children were collected during admission using the standard venipuncture technique to analyze CP, LF, HMGB-1, WBC, and CRP levels. The WBC levels were measured with an automatic blood count device (Beckman Coulter Inc. Brea, CA, USA), and CRP concentrations were quantified with a particle enhanced immunonephelometry (Beckman Coulter Inc. Brea, CA, USA). Normal WBC and CRP levels were accepted as 4.5-11 × 10 accuracy of those biochemical tests, CP, LF, and HMGB-1, ROC analysis was performed. For the parameters with a high area under curve (AUC) value, cutoff levels were determined. Specificity, sensitivity, and accuracy of these biochemical parameters are calculated. The statistical analyses of this study were performed with SPSS 19.0 software program. The significance level was regarded as p < 0.05.
Results
There was not a statistically significant difference between groups in regards to the gender (p = 0.991) or mean age (p = 0.073). In comparison of groups regarding the biochemical parameters, statistically significant differences were present. The p value of comparison of groups for those biochemical parameters are summarized in Table 1 . There was a statistically significant difference between healthy controls and both uncomplicated and complicated AA groups, regarding all parameters of this study. Moreover, there was a statistically significant difference between uncomplicated and complicated AA groups, regarding all parameters except WBC count. In patients with right lower quadrant pain other than surgical causes, serum WBC count, serum HMGB-1 levels, serum CP, and fecal LF levels were statistically significantly lower than those of uncomplicated AA group. There was a statistically significant difference between patients with right lower quadrant pain with other than surgical causes and complicated AA group, regarding all parameters.
Areas under the curve are summarized in Table 2 regarding the ROC curve analysis in determining the diagnostic accuracy of biochemical parameters in identifying cases with uncomplicated appendicitis (group 3; n = 30) from patients without AA (groups 1 and 2; n = 60) (Fig. 1) . In diagnosis of uncomplicated AA, AUC for fecal LF was determined as 1.00 and the cutoff level was determined as 25 μg/g feces. For this level, its sensitivity, specificity, and accuracy were 100 %. The sensitivity and specificity of serum CP in the diagnosis of AA were 73.3 and 100 %, respectively, for the 670 ng/ml cutoff value. For the 30 ng/ml cutoff value of serum HMGB-1 levels, the sensitivity was 76.7 % and the specificity was 100 %. Though serum LF levels were also different between groups, with an AUC ratio of 0.797, it was not determined to be appropriate as a diagnostic tool. Similarly, AUC ratio was 0.669 for fecal CP.
Areas under the curve are summarized in Table 3 regarding the ROC curve analysis in determining the diagnostic accuracy of biochemical parameters in identifying cases with complicated appendicitis (group 4; n = 30) from patients without AA (groups 1 and 2; n = 60) (Fig. 2) . In diagnosis of complicated AA, AUC for fecal LF, serum CP, and serum HMGB-1 were determined as 1.00 and the cutoff level was determined as 25 μg/g feces, 670 ng/mL, and 30 ng/mL respectively. For these values, sensitivity, specificity, and accuracy were 100 %.
In differential diagnosis of uncomplicated and complicated AA, the most accurate parameter was fecal lactoferrin with an AUC of 0.977. At a 60 μg/g cutoff value for this variable, sensitivity, specificity, and accuracy were 96.7, 93.3, and 95.0 %, respectively. In 1 of the 30 complicated appendicitis cases, false positivity was reported, and in 2 of the 30 uncomplicated appendicitis cases, false negativity was reported.
Discussion
With the aim of defining role of serum and fecal CP and LF, and serum HMGB-1 levels in differential diagnosis of acute uncomplicated appendicitis from other causes of abdominal pain and further from complicated appendicitis, we have determined that intracellular molecules of CP, LF, and HMGB-1 functioning in natural defense are valuable in diagnosis of both complicated and uncomplicated AA, even if in differentiation of complicated and uncomplicated AA. In this study, at the 25 μg/g fecal LF cutoff value, sensitivity, specificity, and accuracy were 100 % in diagnosis of complicated and uncomplicated AA cases. At the cutoff levels of 670 and 30 ng/mL, respectively, serum CP and serum HMGB-1 were also 100 % sensitive and specific in diagnosis of complicated AA. Acute appendicitis is an acute suppurative infection which can cause systemic inflammatory symptoms when left untreated. Unnecessary appendectomy brings surgical risks for patients and waste of the money. Identification of non-invasive, inexpensive, easily available, and accurate diagnostic markers of AA is clinically highly desired.
Serum HMGB-1 levels have been studied in diagnosis of AA in a few studies. Wu et al. studied the diagnostic role of HMGB-1 in AA and determined the serum mean HMGB-1 levels in acute simple, suppurative, and gangrenous appendicitis cases as 10.97, 14.42, and 18.08 ng/ml, respectively [18] . For this finding, they suggested that with the expansion of bacteria to the appendix wall, bacterial endotoxins and proinflammatory cytokines activate monocytes to secrete HMGB-1 which worsens the local inflammation and causes the distal organ damage. They reported that HMGB1 might play an important role in the pathological progress of AA and can be clinically treated as a therapeutic target. In a study of Albayrak et al., the mean HMGB-1 level was 36.92 ng/ml in adult cases with AA, while it was 21.71 ng/ml in healthy control cases [17] . Though the HMGB-1 levels were similar with the AA cases in our study, they have determined higher serum HMGB-1 levels in healthy controls which may be due to the different age distribution of two studies. Recently, Hu et al. studied on the children with acute abdomen who had a diagnosis of suspected AA and healthy children [19] . They determined that serum HMGB-1 levels in the appendicitis and non-appendicitis groups were significantly higher than that of healthy children. Moreover, the appendicitis group showed higher serum HMGB-1 levels compared with the nonappendicitis group. They reported the sensitivity and specificity of serum HMGB-1 for the diagnosis of AA was 71.4 and 82.9 % respectively at the best cutoff of 28.0 ng/mL [18] . In our study, we have determined that the sensitivity was 76.7 % and the specificity was 100 % for the 30 ng/ml cutoff value of serum HMGB-1 levels. These findings are consistent with the data reported by Hu et al.
Serum CP levels have been studied previously in diagnosis of AA. Bealer et al. tested plasma samples from emergency department patients with acute abdominal Fig. 1 ROC curve analysis in determining the diagnostic accuracy of biochemical parameters in identifying cases with uncomplicated appendicitis (group 3; n = 30) from patients without acute appendicitis (groups 1 and 2; n = 60) pain (n = 181) for CP and reported that the sensitivity and specificity for CP in diagnosing AA were as 93 and 54 %, respectively. In the same study, performance characteristics of elevated WBC count were as sensitivity of 63 % and specificity of 67 % [20] . Schellekens et al. studied on 233 patients suspected of having AA and 52 healthy individuals to evaluate the diagnostic accuracy of CP. Among those 233 cases, 77 (33 %) had proven AA and median plasma levels for CP were significantly higher in patients with AA than in those with another final diagnosis. However, the area under the ROC curve was 0.67 for CP [21] . Mills et al. performed a prospective, double-blinded, single-arm, multicenter investigation in 13 emergency departments of 848 patients presenting with acute right lower quadrant abdominal pain and reported the sensitivity and specificity for the investigational plasma CP assay in diagnosing AA as 96 and 16 %, respectively [22] . Kharbanda et al. reported that median plasma CP levels were higher in appendicitis versus nonappendicitis, and it was also higher in perforated appendicitis compared to nonperforated appendicitis. In that study, at a cutoff value of 159 ng/mL, plasma CP provided a sensitivity of 100 % and a specificity of 27 % to identify children at risk for AA [23] . In our study, we have determined the serum CP levels at the cutoff value of 670 ng/ml as 73.3 % sensitive and 100 % specific. Voganatsi et al. reported that LF is secreted from cells while CP is presented only after cell disruption or death [24] . This phenomenon suggests that in order to increase CP, leucocyte count should also be increased. On the other hand, for the increases in fecal CP, mucosal damage should be present and many polymorphonuclear leucocytes should be present on intestinal lumen. This explains the higher serum and fecal CP levels in complicated AA cases. Thuijls reported that median plasma concentrations for LF and CP were significantly higher in 51 patients with proven AA than in 27 healthy volunteers. They reported the median plasma concentrations for LF and CP as 665 and 766 ng/mL, respectively [25] . In our study, we have determined similar serum LF but higher CP levels in appendicitis groups.
To the best of our knowledge, fecal CP or LF has not been studied much in patients with AA before. We have determined an AUC of 0.951 in complicated AA but an AUC of 0.669 in uncomplicated AA for fecal CP. In this study, in diagnosis of complicated AA, serum CP at a cutoff value of 670 ng/ml, fecal LF at a cutoff value of 25 μg/g feces and serum HGMB-1 at a cutoff value of 30 ng/ml were determined to be 100 % sensitive and specific.
We have determined higher values of serum HMGB-1, serum CP, fecal CP, serum LF, and fecal LF levels in patients who were admitted with abdominal pain with other than surgical causes compared with the healthy controls. We believe that in all inflammatory conditions such as diarrhea, these increases may be seen. However, they were not as high as AA cases.
There are some limitations that should be mentioned. First, small sample size does not let us make any generalization. Second, we did not ask or record the time passed from the beginning of the pain so we could not assess the effect of time on these parameters. Moreover, these parameters are not inexpensive and/or easily available yet and studying those tests take a few hours which may be an important time period in emergency department.
In conclusion, HMGB-1, CP, and LF constitute novel markers in diagnosis of AA. Moreover, their levels may be Fig. 2 ROC curve analysis in determining the diagnostic accuracy of biochemical parameters in identifying cases with complicated appendicitis (group 4; n = 30) from patients without acute appendicitis (groups 1 and 2; n = 60) helpful for the clinicians to judge about the severity of the condition. Since misdiagnosis results in unnecessary surgeries, new diagnostic tools that can support a diagnosis of AA are still required. Further, larger studies are warranted to determine the diagnostic potential of HMGB-1, LF, and CP in AA.
